INTRODUCTION
It is well known that lateralization of function and structure is a feature of the human brain as well as that of other species, including birds and other vertebrates (Kolb et al., 1982; Williams et al., 1989; Mayhew et al., 1996a; 1996b) . However, it is not clear if these functional differences are reflected in morphologic or morphometric differences. Moreover, sex differences of brain volume are also not clearly established. Most of the previous studies on brain asymmetry are based on evaluating imprecisely defined features of the brain, i.e. height, width and length of hemisphere or shape of the gyri. In contrast, estimating brain volume using Cavalieri principle is a more valid method (Gundersen et al., 1988) .
Many studies have been done on the symmetry or asymmetry of brain volume as a basis for an interaction between the function and morphology. However, findings of such studies are incompatible with one another for methodological or other reasons (Schultz et al., 1994; Barta et al., 1997; Preis et al., 1999; Geroldi et al., 2000) .
The present study was carried out to investigate the right-left interhemispheric asymmetry, sex and species differences using the Cavalieri principle.
MATERIALS AND METHODS:
In this study 17 lambs (10 male, 7 female, Ovis aries), 10 rats (5 male, 5 female, Wistar albino) and 12 birds (7 cocks, and 5 hens, Gallus domesticus) were used. The lambs were 4-5 months old, while rats and birds were 8 weeks old. The rats were perfused intracardially and the brains were immersed in formalin and fixed for four months. The lamb' and avian' brains were removed without perfusion and immersed in formalin (10%) for four months. (Gundersen and Jensen, 1987; West, 1993) .
The brains were handled ( Fig. 1A ) and cut macroscopically with fractionating knives (Aygün Surgical Instruments in Turkey) into parallel sections (Fig. 1B) . Slice thickness was 6.7 mm for the lamb (Fig. 1C) , and 2.33 mm for the rat and the avian brains. From nine to eleven slices per lamb brain, five to six slices for rat and avian brains were used to estimate volumes. A modified point-counting grid which allowed checking of the boundaries of the white and gray mater was superimposed on the slices of the lamb brains directly (Fig. 1D ). The slices of the rat and avian brains were projected onto a screen with a projector (Braun Paxiscope 650) at 10× magnification.
Boundaries of the projections were drawn on paper, and the areas were estimated using the point counting probes. Brain volumes were estimated by the following formula:
[V] = volume; t = section thickness; a(p) = area associated with one test point; p= total number of points hitting the brain section (Gundersen et al., 1988) .
Coefficient of error (CE) and coefficient of variation (CV) were estimated (Gundersen and Jensen 1987; West, 1993) . The point density of the grids was designed to obtain an appropriate CE for each animal group. At least, 5-6 brain slices were sufficient to obtain an adequate CE as shown in Table  1 . Statistical analysis was done by a computer using SPSS software. Student's t-test was applied to compare sex and side differences of the data. Tables 2 and 3 Tables 2 and 3 . The differences between left and right hemispheres were not statistically significant in all three animal groups. However, the differences between the male and female brain volumes were statistically significant (P < 0.05) in the case of lambs and birds -the male brain volumes were larger than those of females. 
RESULTS

Results are summarized in
DISCUSSION
The results of our study of the volumes of brain hemispheres showed that there is no asymmetry between the right and the left hemispheres of three animal species. However, the male brain volumes in the lamb and bird were larger than those of the females. The brains of different animals have been examined for anatomical asymmetry to trace the evolution of human morphological characters and to understand better the development of language or other cognitive functions (Heilbroner and Holloway, 1989) . It is known that there are functional and structural differences between brain hemispheres (Kolb et al., 1982; Mayhew et al., 1996a; 1996b) . However, it is not clear if these functional differences result from morphometric differences between the brain hemispheres.
There are many different non-stereological investigations of brain asymmetry. Results of such studies have many discrepancies. Many of them report that there is a left-right interhemispheric asymmetry (Geschwind and Levitsky, 1968; Kolb et al., 1982; 7DQ DQG dDOÕúNDQ 6WHLQPHW] et al., 1990) , whereas some of them report that there is no asymmetry between brain hemispheres (Heilbroner and Holloway, 1989; Paus et al., 1996) . All nonstereological studies are based on such features of the brain as height, width and length of a hemisphere, or shape of the gyri. However, as mentioned by Gundersen (1992) , any particular regional volume defined in this way may vary considerably (15-25% between individuals). Therefore, conclusive and valid findings are unlikely to be obtained using such features.
The studies of Mayhew et al. (1996a; 1996b) of surface area and volume in experimental animals indicated that mammalian brains are symmetric and not sexually dimorphic on the basis of gross anatomy. Henery and Mayhew (1989) also reported that there are no significant differences between brain hemispheres and no interaction effects but sex differences were found in fixed human brains. Our findings are similar to those of Mayhew et al. (1996a; 1996b) and Henery and Mayhew (1989) in that we found differences between male and female brains of the lamb and bird, whereas there was no such difference in the rat.
The comparison between the left and right cerebral hemispheres failed to reveal any volumetric asymmetry in lamb, rat or avian brains in this study. However, it is well known that lateralization of function and structure is a feature of human brains as well as those of other species, including other birds and lower vertebrates. We suggest that volume may be a too crude a parameter to identify such localized asymmetries, and perhaps more detailed studies of other parameters such as neuronal density would better characterize interhemispheric asymmetry or symmetry.
